Background: There has previously been a concern about whether it is safe to use minimally invasive methods to treat pedunculated subserosal uterine leiomyomas. The purpose of our study is to evaluate the safety of magnetic resonance-guided focused ultrasound (MRgFUS) ablation of pedunculated subserosal uterine leiomyomas.
Background
Magnetic resonance-guided focused ultrasound (MRgFUS) is becoming a more frequently used minimally invasive method for the treatment of uterine leiomyomas [1] [2] [3] . In October 2004, the MRgFUS device ExAblate®2000 (InSightec, Haifa, Israel) was approved by the United States Food and Drug Administration (FDA) for the treatment of uterine leiomyomas. This treatment method allows another option for patients, in addition to the more widely available minimally invasive method of uterine artery embolization (UAE), and more traditional surgical methods of myomectomy and hysterectomy.
Pedunculated leiomyomas were initially considered a relative contraindication to treatment by UAE [4] . This was based on the concern that such leiomyomas might undergo torsion or detach after treatment and cause complications such as sepsis or bowel injury that would require surgery [5] [6] [7] . However, more recent studies suggest that UAE of pedunculated subserosal leiomyomas may be safely performed [6] [7] [8] .
Though the mechanisms of treatment are different for UAE and MRgFUS ablation, there has still been some concern about whether it is safe to treat pedunculated subserosal leiomyomas with MRgFUS. As the thermal energy from ultrasound extends outside the focal zone, it is conceivable that treating a leiomyoma at the serosal surface of the uterus could also injure adjacent structures. A survey of physicians performing MRgFUS found moderate concern for treating pedunculated subserosal leiomyomas [9] . The purpose of our study is to evaluate the frequency of complications in patients who had MRgFUS ablation of pedunculated subserosal uterine leiomyomas.
Methods
Our institution has been performing MRgFUS ablation of uterine leiomyomas in patients with clinical indications for treatment since March 2005 [10] [11] [12] [13] . A database of all treated patients has been kept for retrospective research purposes such as this one, with approval by the Mayo Clinic Institutional Review Board. The MRgFUS treatments were performed using an ExAblate®2000 (InSightec Inc., Haifa, Israel) MRgFUS device integrated with a General Electric Signa (GE Healthcare, Waukesha, WI, USA) 1.5-T magnetic resonance (MR) scanner. The method of treatment has been described previously [11] , and the treatment method for pedunculated subserosal leiomyomas was the same as for leiomyomas in other locations. While the stalk may have been included in occasional sonications, we did not attempt to ablate the stalk. This report reviews all patients treated at our institution from March 2005 (when we began performing clinical treatments at our institution) through March 2010. Images of MR exams for all treated patients were reviewed to identify those in whom a pedunculated subserosal uterine leiomyoma was treated with MRgFUS. Patients who denied consent for the use of their medical information for research purposes were excluded from the study. We only included patients in whom sonications were placed within a pedunculated subserosal leiomyoma.
The MR exams of identified patients were reviewed and the uterine leiomyomas were evaluated by a radiologist who performs these treatments to confirm that a pedunculated subserosal leiomyoma was treated with MRgFUS ( Figure 1 ). Following the reporting standards used for UAE, we defined a pedunculated subserosal leiomyoma as one in which the leiomyoma has its center outside the uterus and is attached to the uterus by a stalk narrower than 50% of the diameter of the leiomyoma [14] . The pedunculated leiomyoma was measured on T2-weighted images, using sagittal, coronal, and transverse plane images. The largest leiomyoma diameter was first identified and measured, followed by the two orthogonal measurements. In our experience, we felt the stalk was generally best seen on T1-weighted images after intravenous administration of gadolinium. Stalk measurements were made by reviewing sagittal, coronal, and transverse plane images after gadolinium administration to identify and measure the stalk. We used the smallest stalk diameter and largest leiomyoma diameter. If more than one pedunculated leiomyoma was treated, the largest was used for reporting purposes. The pretreatment screening MR was used for evaluation unless the interval from screening to treatment was greater than 6 months. If the interval was longer than 6 months, the MR images on the day of treatment were used to assess the leiomyoma and the stalk.
We routinely attempt to contact patients by phone at 3, 6, 12, 24, 36, and 60 months following their MRgFUS treatment to assess symptom relief, complications, and whether additional procedures had been performed. Consistent phone contact with each patient at each interval up to 60 months was often difficult to achieve, and data were not available for each patient at every time point. Immediate posttreatment images and any available medical records were reviewed to identify unreported treatments and complications. Complications were graded as major or minor based on previously published definitions used to report complications for UAE [14] . If patients had pelvic surgery after MRgFUS ablation, the operative note was reviewed to evaluate for the presence of adhesions or other complications.
The non-perfused volume (NPV) of the leiomyoma was calculated using immediate posttreatment images after gadolinium contrast agent. The largest dimension of the area of non-enhancement in the leiomyoma was first identified and measured, followed by measurement of the two orthogonal dimensions. The three dimensions (in centimeters) were multiplied together then multiplied by 0.52 to determine the NPV (in cubic centimeters).
Results
During the time period of the study, we performed MRgFUS ablations for leiomyomas on 182 patients. Three patients who denied consent for the use of their information for research purposes were excluded from the study. Of the remaining 179 patients, 11 patients had at least one pedunculated subserosal leiomyoma that was treated with MRgFUS and constitute the study group (Table 1) . The mean stalk diameter in our patients was 3.4 cm, with a range of 1.6 to 5.1 cm. The mean stalk diameter to leiomyoma diameter ratio was 0.36, with a range of 0.16 to 0.48. The stalk remained perfused after the MRgFUS ablation in all patients.
Of the 11 patients, nine had no complications and two had minor complications (Table 1 ). Patient number 8 had treatment of three leiomyomas: a left pedunculated subserosal leiomyoma and two right intramural leiomyomas. Post procedure, she developed a right lumbar plexopathy, with pain, numbness, and weakness in the L4-5 distribution of the right leg. This was resolved within 3 months after treatment.
Patient number 9 was able to void initially after treatment (after the Foley catheter was removed) but was presented to the Emergency Department 16 hours after MRgFUS treatment of a single leiomyoma with inability to void. A Foley catheter was placed, which returned 750 cm 3 of urine. The Foley catheter was then removed and the patient was later able to void normally. There was no recurrence of voiding difficulty during the 15 months of available follow-up. The treating emergency room physician was uncertain whether the voiding difficulty was related to the leiomyoma, the MRgFUS treatment, or medications used for moderate sedation during the MRgFUS procedure.
Of the 11 patients, four had subsequent alternative treatments for their uterine leiomyomas. Patient number 2 had three pedunculated subserosal leiomyomas that were treated with MRgFUS. The same three pedunculated subserosal leiomyomas had been treated 2 years previously with MRgFUS, as part of a separate research study before FDA approval. Three months after the MRgFUS ablation that was part of this study, she elected to have a myomectomy because her symptoms had not improved. The patient had moved elsewhere by the time of her myomectomy and the operative note was not available.
Patient number 3 had a myomectomy 45 months after her MRgFUS treatment due to non-resolution of symptoms. At surgery, she had removal of multiple leiomyomas, a diagnosis of stage I endometriosis, and no evidence of adhesions or other complications related to pedunculated subserosal leiomyomas.
Patients number 4 and 6 underwent myomectomy 46 and 15 months after MRgFUS ablation, respectively. In both patients, myomectomy was performed due to nonresolution of symptoms. At surgery, neither patient had evidence of adhesions nor other complications related to pedunculated subserosal leiomyomas.
Discussion
There was initial concern that patients undergoing minimally invasive methods of treatment of pedunculated subserosal uterine leiomyomas might be at risk for complications specific to leiomyomas of this location. This concern was first expressed related to UAE and was based on speculation that such leiomyomas might undergo torsion or detach after treatment and cause complications such as sepsis or bowel injury that could require surgery [5] [6] [7] . More recent studies suggest that UAE of pedunculated subserosal leiomyomas may be safely performed [6] [7] [8] . In one study, the authors did not perform UAE treatment if the stalk diameter was less than 2 cm [6] ; however, we are not aware of any empirical data to confirm that 2 cm is a useful threshold for treatment decisions. While the mechanism of treatment is different for UAE and MRgFUS ablation, there has still been some concern about whether it is safe to treat pedunculated subserosal leiomyomas with MRgFUS [9] . We found no evidence of complications specifically due to the treatment of pedunculated subserosal leiomyomas. While two patients had minor complications, we think it is unlikely that these complications were due specifically to the pedunculated subserosal leiomyomas, and more likely were minor complications of MRgFUS ablation in general that could occur with treatment of leiomyomas in any location [15] . In one patient, the treated pedunculated leiomyoma was contralateral to the side of lumbar plexopathy. This complication was likely related to the treatment of the two intramural fibroids on the same side as the plexopathy. The other patient had transient difficulty with voiding, likely related to the procedure in general and possibly to the narcotic medications used during the treatment. Additionally, of the four patients who had surgery after MRgFUS, three had operative notes available and none had evidence of adhesions or other complications. We are aware of only one other study that has evaluated for complications after MRgFUS of pedunculated subserosal leiomyomas and our results are in agreement [16] . In that study of nine patients, no adverse events were found during 6 months of follow-up after the treatment of a pedunculated leiomyoma.
Limitations of our study include its retrospective nature and relatively small number of patients. Our study does not allow us to assess whether there is a threshold for stalk diameter below which the risk of complications might change. Two of our patients had a stalk diameter below the 2-cm cutoff suggested in a study of UAE patients [6] , and neither patient had a complication. It is also possible that a low NPV in some patients was a factor in the lack of complications. Additionally, we only evaluated patient safety and did not evaluate treatment outcome or efficacy. We are unable to determine whether the need for alternative treatment in the four patients was specifically due to the pedunculated fibroids as all four of those patients had additional fibroids which were also treated.
It is also important to realize that the designation of a subserosal leiomyoma as pedunculated is still problematic. This impacts reports regarding the treatment of pedunculated leiomyomas and may hamper comparison of studies from different institutions. While helpful, the UAE reporting standard definition of a stalk narrower than 50% of the diameter of the leiomyoma [14] ignores several issues. The definition does not specify whether a mean, minimum, or maximum diameter should be used for either the stalk or the leiomyoma. We are also unaware of empirical data that has evaluated the accuracy or reproducibility of stalk diameter measurement based on MR imaging. In our experience, it can sometimes be difficult to delineate the exact borders of the stalk. We are also unaware of any studies that have determined which MR pulse sequence best demonstrates the stalk.
Conclusions
Our preliminary experience found no evidence of complications specifically related to treatment of pedunculated subserosal uterine leiomyomas. While further experience with such patients will be informative, our findings suggest that pedunculated subserosal leiomyomas can be safely treated by MRgFUS ablation. Whether there is a specific stalk diameter or stalk diameter to leiomyoma diameter ratio that better defines treatment risk remains to be answered.
